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ARTICLE INFO ABSTRACT
Article history: Background: Data on duration of protection against invasive meningococcal disease post-vaccination
Received 10 July 2018 with the recombinant, 4-component, meningococcal serogroup B vaccine (4CMenB) are limited. We eval-
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uated bactericidal activity persistence in adolescents/young adults up to 7.5 years post-primary vaccina-
tion with 4CMenB, and response to a booster dose compared with vaccine-naive controls.

Methods: This open-label, multicenter study (NCT02446743) enrolled 15-24 year-old-previously vacci-
nated participants from Canada, Australia (group Primed_4y) 4 years post-priming with 4CMenB (2

Keywords: . doses; 0,1-month schedule), and Chile (Primed_7.5y) 7.5 years after priming with 4CMenB (2 doses;
4-component serogroup B meningococcal . . L. .. .. .

vaccine 0,1/0,2/0,6-month schedule) and vaccine-naive participants of similar age (Naive_4y and Naive_7.5y
Adolescents groups). Primed participants received a booster dose; vaccine-naive participants received 2 catch-up
Persistence doses of 4CMenB, 1 month apart. We evaluated antibody persistence and immune responses using
Immunogenicity hSBA in terms of geometric mean titers and percentages of participants with hSBA titers >4, the kinetics
Kinetics of bactericidal activity post-booster (previously vaccinated) or post-2 doses (vaccine-naive), and safety.

Results: Antibody levels declined at 4 (Primed_4y) and 7.5 (Primed_7.5y) years post-primary vaccination,
but remained higher than in vaccine-naive participants at baseline (<44% vs < 13% [fHbp]; <84% vs
< 24% [NadA]; <29% vs < 14% [PorA]) for all vaccine antigens except NHBA (<81% vs < 79%). One month
post-booster and post-second dose, 93-100% of primed and 79-100% of vaccine-naive participants had
hSBA titers >4 for all antigens. Kinetics of the antibody response were similar across groups with an early
robust response observed 7 days post-booster/second dose. No vaccine-related serious adverse event was
reported.

Abbreviations: 4CMenB, 4-component serogroup B recombinant meningococcal vaccine; AE, adverse event; Cl, confidence interval; FAS, full analysis set; fHbp, factor H-
binding protein; GMR, geometric mean ratio; GMT, geometric mean titer; hSBA, human complement serum bactericidal antibody assay; IMD, invasive meningococcal
disease; MenB, Neisseria meningitidis serogroup B; NadA, Neisseria adhesin A; NHBA, Neisserial heparin-binding antigen; PorA, porin A; PPS, per-protocol set; SAE, serious
adverse event.
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Conclusion: For all antigens except NHBA, a higher proportion of primed participants had hSBA titers >4,
at 4 and 7.5 years post-vaccination, compared with vaccine-naive participants. A more robust immune
response after booster compared to a first dose in vaccine-naive individuals, showed effective priming
in an adolescent/young adult population. No safety or new reactogenicity issues were identified.

An Audio Summary linked to this article that can be found on Figshare: https://figshare.com/articles/
Antibody_persistence_and_booster_response_in_adolescents_and_young_adults_4_and_7_5_years_
after_immunization_with_4CMenB_vaccine/9437276; https://doi.org/10.6084/m9.figshare.9437276.v1.
© 2019 GlaxoSmithKline Biologicals SA. Published by Elsevier Ltd. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Widespread use of serogroup-specific vaccines against Neisseria
meningitidis including serogroups A, C, W and Y has significantly
decreased the incidence of invasive meningococcal disease (IMD)
caused by these serogroups [1,2]. N. meningitidis serogroup B (MenB)
remains a major cause of outbreaks and endemic disease worldwide
[1,2].IMD incidence is highest in infants <1 year of age, but a second,
smaller peak is reported in adolescents in whom meningococcal
carriage predominantly occurs [3]. In developed countries, overall
IMD mortality rates can reach 10% and many survivors experience
physical and neurological sequelae, despite treatment [2].

IMD incidence varies globally, ranging between <0.5
cases/100,000 in North America to 10 cases/100,000 in the African
meningitis belt [2]. In recent years, reported IMD incidence was
0.77 cases/100,000 population in Australia (2015) [4], 0.60
cases/100,000 in Canada (2014) [5] and 0.80 cases/100,000 in Chile
(2015) [6]. Before 2010, MenB was responsible for >60% of the total
IMD cases reported in Australia [4,7], Canada [5,8] and Chile [6].
However in the last decade, MenB incidence has declined in these
countries, while MenW incidence has increased in Australia [7] and
Chile [9].

The development of a 4-component serogroup B meningococcal
vaccine (4CMenB, Bexsero, GSK) and the MenB:fHBP vaccine (Tru-
menba, Pfizer) represents a significant recent advance in IMD pre-
vention [10]. 4CMenB contains 3 recombinant protein antigens
(Neisseria adhesin A [NadA], Neisserial heparin binding antigen
[NHBA] and factor H-binding protein [fHbp]) and outer membrane
vesicles (OMV) expressing porin A protein (PorA), components that
can provide broad protection against the majority of IMD caused
by MenB strains [10].

However, evaluating the efficacy of MenB vaccines is challeng-
ing, due to the low IMD incidence and therefore, to the difficulty in
obtaining real-life data. Moreover, the variability of surface protein
antigens in the sequence and level of expression with MenB strains
is well known [11]. Clinical trial designs use laboratory assays to
estimate antibody activity against antigen-specific meningococcal
reference strains. The threshold used for MenB evaluation is a
human complement serum bactericidal antibody assay (hSBA) titer
of at least 4, accepted as a correlate of protection for serogroup C
[12], and extended to the other N. meningitidis serogroups.

The target population for immunization against IMD varies
worldwide, with available vaccines against 5 meningococcal ser-
ogroups, and the possibility to vaccinate different age groups
[13,14]. In case of outbreak or exposure, the level of circulating
antibody providing direct protection is an important consideration
because of the rapid onset of IMD. Some countries have introduced
meningococcal vaccines in their routine infant and child vaccina-
tion programs to directly target the group most impacted by IMD
[15]; however, due to the waning of meningococcal antibodies
over time, these vaccines might not be able to offer protection
through adolescence, when the second incidence peak usually
emerges. Complete information on circulating antibody levels,
booster response, and the effect of priming in all age groups is
therefore of the outmost importance for vaccine scheduling.

4CMenB has been shown to be immunogenic and well-tolerated
in adolescents [16-20] and is currently licensed in the United
States as a 2-dose schedule in 10-25-year-olds, and for use from
2 months of age in Europe, Australia, Canada, and Latin America
(Argentina, Brazil, Chile, Colombia and Uruguay) [10,21]. In
September 2015, 4CMenB was introduced in the UK National Infant
Immunization Program, where, 10 months after implementation,
4CMenB had halved the number of MenB IMD cases in vaccine-
eligible infants [22].

The immunogenicity of 4CMenB in adolescents aged 11-
17 years has been previously assessed in 3 studies [16-18] gener-
ating data for antibody persistence up to 2 years post-vaccination.
In Chile [16], 2 doses administered 1, 2, or 6 months apart elicited
protective immune responses in 98-100% of adolescents up to
1 month post-second dose. Additionally, seroprotective activity
for all vaccine-related antigens (hSBA titers above pre-specified
values) was maintained over at least 18-23 months post-second
dose in 77-94% of vaccinated adolescents [18]. Consistent results
were obtained in the third study, which evaluated lot-to-lot consis-
tency of 2 batches, immunogenicity and safety of 4CMenB in
healthy Australian and Canadian adolescents [17]. Similar results
have been obtained in the infant population, with protective anti-
body levels for the different vaccine antigens ranging between 36%
and 93% among infants at 24-36 months following vaccination
according to different schedules in the first year of life [23].

Due to the rapid onset, high case-mortality and severe sequelae
of IMD, the quick mounting and long-term persistence of protec-
tive levels of circulating antibodies is key for the successful preven-
tion of disease. Although 4CMenB has been shown to be
immunogenic and safe with protective circulating antibody levels
up to 2 years, data on the duration of antibody levels after that per-
iod are limited. Here, we assessed the persistence of bactericidal
activity in adolescents and young adults, at approximately 4 and
7.5 years after a 2-dose primary series of 4CMenB compared with
serum bactericidal activity in vaccine-naive participants of similar
age. In addition we evaluated the response to a booster dose in par-
ticipants from the parent studies [16,17], compared with primary
vaccination in vaccine-naive healthy controls.

Fig. 1 summarizes the research, clinical relevance and impact on
the patient population.

2. Methods
2.1. Study design and participants

This was a phase IlIb, open-label, controlled, multicenter study
(NCT02446743), conducted between November 2015 and Septem-
ber 2016 in 12 centers in Australia, Canada and Chile. In the parent
study, adolescents and young adults aged 11-17 years received a
primary vaccination of 2 doses of 4CMenB approximately 4
(Canada and Australia, NCT01423084) and 7.5years (Chile,
NCT00661713) before participating in this study [16,17]. In the
present study, primed individuals aged 15-24 years were invited
to receive a third, booster dose of 4CMenB and were enrolled in
the Primed_4y group (previously vaccinated participants from
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Focus on the Patient

What is the context?

(4CMenB, Bexsero, GSK).

¢ In previous studies, 99-100% of adolescents had an immune response considered
protective after 2 doses of the 4-component serogroup B recombinant meningococcal vaccine

¢ Antibody persistence has been evaluated up to 2 years in infants and adolescents: 77-94%
of adolescents showed protective antibody levels against one or more of the vaccine antigens.
e Data on antibody persistence after longer periods is required to inform on the assessment

~

of protection duration and on the need for boosting.

[ e This is the first study to assess long-term antibody persistence in adolescents and young\

series.

protective immune response.

%onth in 41-93% of individuals.

adults 15-24 years of age, at 4 and 7.5 years after primary vaccination with 4CMenB and the
response to a booster dose, compared with vaccine-naive individuals of similar age.
¢ Antibody levels remained higher than baseline 4-7.5 years post-2-dose 4CMenB primary

¢ Immune response against at least one of the 4 antigens was observed within 7 days from
booster vaccination in 73—-100% previously vaccinated individuals, indicating an early

In vaccine-naive controls, antibody response after the first 4CMenB dose was visible aftv

e A more robust immune response to a booster dose in previously vaccinated
adolescents compared to a first dose in vaccine-naive individuals shows effective
priming with an earlier 2-dose vaccination series.

e Although antibody levels raised against meningococcal serogroup B remained
elevated above baseline levels up to 7 years following primary vaccination, the duration
of clinical disease protection after vaccination is not yet known. .

¢ Large-scale vaccine implementation over the next 5 years may provide a better
understanding of long-term clinical effectiveness.

* No unexpected safety findings arose during this study.

Fig. 1. Focus on the Patient Section.

Canada and Australia) and Primed_7.5y group (previously vacci-
nated participants from Chile).

Two groups of vaccine-naive participants, Naive_4y (naive par-
ticipants from Canada and Australia) and Naive_7.5y (naive partic-
ipants from Chile) groups of similar age to Primed_4y and
Primed_7.5y received 2 doses of 4CMenB, administered 1 month
apart (Fig. 2).

A full list of inclusion and exclusion criteria is provided in Sup-
plementary Text 1.

Previously vaccinated participants were not randomized to
treatment. Vaccine-naive participants were randomized in a 1:1
ratio for differential blood drawing in order to determine antibody
kinetics. The first group had blood drawn at 3 and 30 days post-
second dose; and the second group had blood drawn at 7 and
30 days post-second dose. Pre-first dose and post-dose 1 blood
samples were also taken from vaccine-naive participants. These
data served as a control for kinetics evaluation post-booster dose
in previously vaccinated participants from whom 4 blood samples
were taken at 4 and 7.5 years post-primary vaccination (pre-
booster, 3, 7 and 30 days post-booster dose). The blood samples

collected from previously vaccinated adolescents at 1 month
post-vaccination in the primary studies were also used as control
in this study.

Written informed consent was obtained from participants (or
parents/legal guardians of participants under 18 years of age) prior
to enrollment in the study, and assent was obtained from all par-
ticipants under 18 years of age. The protocol and the proposed
informed consent form were reviewed and approved by the local
Institutional Review Boards and/or an Ethics Committees before
study start.

The study was conducted in accordance with Good Clinical
Practice and the Declaration of Helsinki. This study is registered
at www.clinicaltrials.gov (NCT02446743). A summary of the proto-
col is available at http://www.gsk-clinicalstudyregister.com (study
ID 205218).

2.2. Study objectives

The primary immunogenicity objective was to assess the persis-
tence of serum bactericidal activity at 4 and 7.5 years following
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Timepoint

Primed_4y and Primed_7.5y:
2 primary doses +

1 booster of 4CMenB

Extension study (year 4 and 7.5)

(NCT02446743)
I 1
Do D30 D60
L L /L L /4 ]
I T i I 7/ |

Blood samples

Naive_4y and Naive_7.5y:
2 doses of 4CMenB

Blood samples

7 I

Adverse event (AE)
reporting

Solicited local and systemic AEs (7 days after each dose)

Unsolicited AEs (30 days after each dose)

Serious AEs, medically-attended AEs

Fig. 2. Study design. M, month in the primary study; D, day in the extension study. Primed_4y, previously vaccinated participants from Canada and Australia; Naive_4y,
vaccine-naive participants from Canada and Australia; Primed_7.5y, previously vaccinated participants from Chile; Naive_7.5y, vaccine-naive participants from Chile. The
rectangle indicates the current study. Note: "~ Participants in group Naive_4y received 2 primary doses, 1 month apart; participants in group Primed_7.5y received 2 primary
doses, according to 1 of 3 schedules: M0,1; M0,2 and MO0,6. Blood samples were collected before the first dose and 1 month post-second dose in each case. " Participants in
Groups Naive_4y and Naive_7.5y were randomized in a 1:1 ratio; half of participants had blood drawn at DO, D30 (1 month post-dose 1), D33 (3 days post-dose 2) and D60
(1 month post-dose 2), and the other half at DO, D30, D37 (7 days post-dose 2) and D60.

primary series compared to vaccine-naive participants. The pri-
mary safety objective was to evaluate the safety and reactogenicity
of 4CMenB in all participants.

Secondary immunogenicity objectives were: (i) to assess the
immune response 1 month post-booster in previously vaccinated
participants, compared to the immune response at 1 month post-
first dose in vaccine-naive participants; (ii) to assess and compare
the response of the booster with the second dose administered to
vaccine-naive participants, in terms of kinetics at 3, 7 and 30 days
post-vaccination; (iii) to assess the immune response of 4CMenB
administered to adolescent and young adult vaccine-naive partici-
pants, older than in the initial study (15-24 years of age), at
1 month post-dose 2.

2.3. Vaccines

The 4CMenB vaccine (lot number JB148101) contains 50 pg
each of recombinant proteins NHBA, NadA, and fHbp, adsorbed
on aluminum hydroxide, 25 ug OMV expressing PorA P1.4 from
the serogroup B strain NZ98/254, aluminum hydroxide, sodium
chloride, histidine and sucrose. 4CMenB suspension was prepared
as a 0.5-mL dose and administered intramuscularly into the deltoid
region of the non-dominant arm.

2.4. Immunogenicity assessment

A minimum of 10 mL of blood was drawn from each participant
in the previously vaccinated groups at 3, 7 and 30 days post-
booster dose and, for each participant in the vaccine-naive groups
at day 30, 33 (or 37) and 60 post-first dose (Fig. 2, Supplementary
Fig. 1).

The immune response was measured against antigen-specific N.
meningitidis MenB indicator strains H44/76 (fHbp), 5/99 (NadA),
NZ98/254 (PorA) and M10713 (NHBA); the assay was previously
described in detail [24]|. Human plasma was used as the source
of exogenous complement. Data were summarized by calculating

the percentages of participants with hSBA titer >4, hSBA geometric
mean titers (GMTs), and geometric mean ratio (GMRs) of GMTs
post-booster vs pre-booster (previously vaccinated participants)
or post-dose 1 vs pre-first dose (vaccine-naive participants). The
percentage of participants with hSBA titer >5, >8 and >16 was
also calculated; results for the latter 2 cut-offs are available on
ClinicalTrials.gov. Testing was conducted in a blinded manner with
respect to the study group, at the GSK Clinical Laboratory Sciences
(Marburg, Germany) or at the Charles River Laboratories Edinburgh
Ltd., UK.

The percentages of participants with 4-fold increase from pre-
vaccination to post-vaccination for the vaccine-naive individuals
were also summarized.

2.5. Safety assessment

Solicited local (injection site induration, swelling, erythema and
pain) and systemic (fever [>38.0 °C], high fever [>39.5 °C], nausea,
fatigue, myalgia, arthralgia, and headache) adverse events (AEs)
were recorded using diary cards within 7 days post-vaccination
and unsolicited AEs were reported within 30days post-
vaccination. The severity of the reported AEs and the relationship
to the study vaccination were determined by the investigator.

Medically-attended AEs (MAEs) and serious AEs (SAEs) were
collected throughout the study by interviewing the participants
and/or parents/guardians, and by reviewing medical records.

2.6. Statistical analysis

The sample size for the previously vaccinated participants was
determined by the number of participants from the parent studies
eligible to participate in this extension study (344 for the Pri-
med_4y group and 529 for the Primed_7.5y group); a sample size
of maximum 400 participants was planned. A target sample size
of 250 participants in the vaccine-naive control group was deter-
mined to be large enough to reflect important variations in the
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population, but small enough to accommodate the operational
constraints common to the extension studies and to allow for reli-
able (>90% probability) observations of common (>1%) AEs in the
vaccine-naive participants. For a sample size of 250 participants
in the vaccine-naive group, the probability of detecting at least
one participant with an AE occurring with a frequency of 1% was
92%. No statistical hypotheses were associated with the immuno-
genicity objectives.

Persistence analyses (primary immunogenicity objective) were
performed on the full analysis set (FAS), including participants
for whom evaluable immunogenicity results were available for at
least 1 antigen, pre-booster/first vaccination in the extension
study. Post-booster/first dose analyses were conducted in the FAS
booster, which included participants who received a booster/first
dose of 4CMenB and for whom evaluable immunogenicity results
were available for at least 1 antigen, at 1 month post-booster/
first dose. Immune response kinetics analyses were performed on
the per-protocol set (PPS), comprising participants who correctly
received the vaccine, had no protocol deviations and had evaluable
immunogenicity results at each timepoint.

The percentages of participants with hSBA titer >4 and associ-
ated 2-sided 95% confidence intervals (CIs) were computed for all
participants, as well as differences in percentages and 95% Cls
between the previously vaccinated group and vaccine-naive partic-
ipants. Unadjusted and adjusted GMTs and associated 95% CIs were
computed for each group and for each vaccine antigen by exponen-
tiating the least square means and the lower and upper limits of
the 95% Cls of the log transformed titers or concentrations (base
10). Additionally, the GMT ratio of the previously vaccinated group
to the vaccine-naive group was computed. The 95% CIs for the ratio
of GMTs were constructed by exponentiating the difference of the
least square means of the log-transformed titers and the lower and
upper limits of the 95% CI. In addition, data were summarized by
calculating the percentage of participants with a 4-fold rise post-
vaccination and associated 2-sided 95% Cls, for each vaccine
antigen.

The safety analysis was performed on the ‘as treated’ analysis
set. The incidence of AEs per study group was tabulated with exact
95% Cls after each vaccination.

3. Results
3.1. Demographics

A total of 531 individuals were enrolled, of whom 276 were pre-
viously vaccinated (Primed_4y: 145, Primed_7.5y: 131) and 255
were vaccine-naive (Naive_4y: 105, Naive_7.5y: 150). All, except
1 previously vaccinated participant, were included in the FAS for
persistence; 271 primed participants and 250 naive participants
completed the study (Supplementary Fig. 1).

Demographic and other characteristics at enrolment were bal-
anced across previously vaccinated and vaccine-naive participants
(Table 1). The mean age of the enrolled participants was 19.7 years
(standard deviation £ 2.56) and 51% were males.

3.2. Immunogenicity

3.2.1. Antibody persistence

Four years after 2-dose 4CMenB vaccination, hSBA titers >4 in
the Primed_4y group were observed in 30%, 84%, 9% and 75% of
participants for fHbp, NadA, PorA and NHBA, respectively (Table 2).
In the Primed_7.5y participants, 7.5 years after 2-dose 4CMenB
vaccination, hSBA titers >4 were observed in 44%, 84%, 29% and
81% of participants for fHbp, NadA, PorA and NHBA, respectively

(Table 2). Similar observations were made for the percentage of
participants with hSBA titers >5 (Supplementary table 1).

In both previously vaccinated groups, unadjusted hSBA GMTs
decreased over time, but remained above pre-primary vaccination
values at 4 and 7.5 years post-primary series, except for NHBA and
PorA in the Primed_7.5y group (Table 3). Moreover, adjusted hSBA
GMTs for all antigens (except NHBA in the Primed_7.5y group) in
previously-vaccinated participants were higher than in vaccine-
naive participants (Table 2).

GMRs (previously vaccinated participants compared to vaccine-
naive participants) were 2.1 (fHbp), 20.0 (NadA), 1.3 (PorA) and 1.3
(NHBA) at 4 years post-vaccination in the Primed_4y group and 3.0
(fHbp), 14.0 (NadA), 1.7 (PorA) and 1.2 (NHBA) at 7.5 years post-
vaccination in the Primed_7.5y group (Supplementary Table 2).

3.2.2. Booster response

In the primed groups, at 1 month post-booster dose, the per-
centages of participants with hSBA titer >4 were 93-100% for all
antigens; while the percentages of vaccine-naive participants with
hSBA titers >4 post-first dose were significantly lower for all anti-
gens except NHBA in the Primed_7.5y group, ranging between 41%
and 92% (Supplementary Fig. 2; Supplementary Table 2). hSBA
GMTs were also higher in primed participants at 1 month post-
booster dose compared to hSBA GMTs post-first dose in vaccine-
naive participants. hSBA GMTs increased post-booster compared
to pre-booster 4.7-100-fold in the Primed_4y group and 5.2-64-
fold in the Primed_7.5y group, for all vaccine antigens. At 1 month
post-first dose, hSBA GMTs increased 2.4-25-fold in the Naive_4y
group and 2.6-16-fold in the Naive_7.5y group, for all 4CMenB
antigens (Supplementary Table 3). When analyzed by country,
the percentages of participants with hSBA titers >4 and GMTs were
similar between participants from Canada and Australia (Supple-
mentary Table 4).

3.2.3. Kinetics of antibody response

The percentage of previously vaccinated participants with hSBA
titers >4 remained similar to pre-booster against all strains at
3 days post-booster, increased at 7 days post-booster and
remained unchanged or further increased at 1 month post-
booster dose (Fig. 3).

Overall, the percentage of vaccine-naive participants with hSBA
>4 remained similar to pre-first dose values at 3 days post-dose 2,
increased at 7 days post-dose 2, and remained unchanged at
1 month post-dose 2 for all antigens (Fig. 3).

In all participants, at 3 days post-booster or post-dose 2, hSBA
GMTs remained similar to those before vaccination in the exten-
sion study. In general, GMTs increased at 7 days and 1 month
post-vaccination (Supplementary Table 5). The proportion of par-
ticipants with >4-fold increase in hSBA titers for previously vacci-
nated participants (post-booster vs pre-booster dose) ranged
between 48% (NHBA) and 98% (fHbp and NadA); and for vaccine-
naive participants (post-second dose vs pre-first dose) between
7% (NHBA) and 72% (NadA) (Supplementary Table 6). Similar
observations were made for the percentage of participants with
hSBA titers >5 (Supplementary table 7).

3.2.4. Immune responses in vaccine-naive participants

In the FAS booster, pre-first dose, in the Naive_4y group, hSBA
titers >4 were observed for 4%, 6%, 0% and 63% participants for
fHbp, NadA, PorA and NHBA, respectively; 1 month post-first dose,
they increased to 81%, 87%, 41% and 84%. hSBA GMTs increased at
least 2.4-fold for all antigens. Post-dose 2 (PPS Kinetics), the per-
centages of participants with hSBA titer >4 increased to 99% and
100% for fHbp and NadA, 82% for PorA, and 91% for NHBA. hSBA
GMTs increased 52-fold for fHbp; 204-fold for NadA; 11-fold for
PorA and 3.2-fold for NHBA.
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Table 1
Study population demographics and baseline characteristics (all enrolled set).
Group Group Group Primed  Group Naive Group Naive Group Total
Primed_4y Primed_7.5y N=276 _4y _7.5y Naive N =531
N=145 N=131 N =105 N=150 N =255
Age, years
Mean + SD 18.0+1.88 21.2+1.73 19.5+2.42 17.5+1.85 21.7+1.56 20.0+2.69 19.7+2.56
Median (minimum; maximum) 18.0 (15; 22) 21.0 (18; 24) 20.0 (15; 24) 17.0 (15; 21) 22.0(17; 24) 21.0 (15; 20.0 (15;
24) 24)
Age at enrollment in parent study, years
Mean + SD 13.7+1.85 141+1.74 - - - - -
Median (minimum; maximum) 14.0 (11; 17) 14.0 (11; 17) - - - - -
Age group, n (%)
Adolescents (12-17 years) 65 (45%) 0 65 (24%) 56 (53%) 1(1%) 57 (22%) 122 (23%)
Adults (>18 years) 80 (55%) 131 (100%) 211 (76%) 49 (47%) 149 (99%) 198 (78%) 409 (77%)
Sex, n (%)
Male 80 (55%) 63 (48%) 143 (52%) 51 (49%) 76 (51%) 127 (50%) 270 (51%)
Female 65 (45%) 68 (52%) 133 (48%) 54 (51%) 74 (49%) 128 (50%) 261 (49%)
Race, n (%)
White 98 (68%) 0 98 (36%) 74 (70%) 0 74 (29%) 172 (32%)
Black or African American 3 (2%) 0 3 (1%) 2 (2%) 0 2 (1%) 5 (1%)
Asian 22 (15%) 0 22 (8%) 18 (17%) 0 18 (7%) 40 (8%)
American Indian or Alaska Native 11 (8%) 0 11 (4%) 1(1%) 0 1(<1%) 12 (2%)
Native Hawaiian or other Pacific 3 (2%) 0 3(1%) 8 (8%) 0 8 (3%) 11 (2%)
Islander
Other 8 (6%) 131 (100%) 139 (50%) 2 (2%) 150 (100%) 152 (60%) 291 (55%)
Weight, kg (mean * SD) 72.4+18.42 69.1+16.30 70.8 £17.49 70.6 £18.17 67.8+13.18 68.9+1546 69.9+16.56
Height, cm (mean + SD) 170.7 £9.78 166.5+8.71 168.7£9.51 170 +10.06 167.5+9.21 168.5+9.63 168.6 +9.56
Years since last vaccination in parent
study
Mean + SD 4.27 +0.08 6.91+0.34 553+1.34 - - - -
Median (minimum; maximum) 4.27 (4.08; 6.92 (6.21; 7.93)  4.42 (4.08; - - - -
4.43) 7.93)
Country of enrollment, n (%)
Australia 38 (26%) 0 38 (14%) 25 (24%) 0 25 (10%) 63 (12%)
Canada 107 (74%) 0 107 (39%) 80 (76%) 0 80 (31%) 187 (35%)
Chile 0 131 (100%) 131 (47%) 0 150 (100%) 150 (59%) 281 (53%)

Groups Primed_4y and Primed_7.5y, previously vaccinated participants; groups Naive_:

4y and Naive_7.5y, vaccine-naive participants; N, number of participants in each

group; n (%), number (percentage) of participants in a certain category; SD, standard deviation; -, not applicable.

Table 2

Percentage of participants with hSBA titer >4 and geometric mean titers, at 1 month, 4 and 7.5 years after the last dose of 4CMenB vaccination in the parent studies and at

baseline in vaccine-naive participants - FAS Persistence.

Primed_4y

Naive_4y Primed_7.5y Naive_7.5y

N Value (95%) CI)

N Value (95% CI) N Value (95% CI) N Value (95% CI)

fHbp % >4 1 month post-primary vaccination in PS 144  99.0 (95.1-99.83)

Pre-booster/first dose 144 30.0 (22.5-38.0)
GMT 1 month post-primary vaccination in PS 144 99 (82-119)
Pre-booster/first dose 144 243 (2.04-2.89)
NadA % >4 1 month post-primary vaccination in PS 134 100 (97.3-100)
Pre-booster/first dose 134 84.0 (77.0-90.0)
GMT 1 month post-primary vaccination in PS 134 180 (153-211)
Pre-booster/first dose 134 24 (19-30)
NHBA % >4 1 month post-primary vaccination in PS 143  70.0 (61.7-77.4)
Pre-booster/first dose 143 75.0 (66.9-81.7)
GMT 1 month post-primary vaccination in PS 140 10 (7.65-14)
Pre-booster/first dose 140 13 (9.86-18)
PorA % >4 1 month post-primary vaccination in PS 144  82.0 (74.7-87.9)
Pre-booster/first dose 144 9.0 (4.9-14.9)
GMT 1 month post-primary vaccination in PS 144 11 (8.67-14)
Pre-booster/first dose 144  1.31(1.17-1.45)

131 100 (97.2-100)

105 5.0 (1.6-10.8) 131 44.0(35.6-53.2) 150 13.0 (7.8-19.1)
131 197 (165-235)

105 1.14(0.93-1.40) 131 4.51(3.57-5.69) 150 1.52 (1.23-1.90)

120 100 (97.0-100)

100 7.0 (2.9-13.9) 120 84.0(76.4-90.2) 139 24.0 (16.9-31.7)
120 606 (492-746)

100 1.20(0.91-1.58) 120 31 (23-42) 139 2.30 (1.75-3.04)

131 98.0 (94.6-99.81)
105 64.0(53.9-73.0) 131 81.0(73.1-873) 150 79.0 (72.0-85.5)
131 66 (53-81)

105 10 (7.13-15) 131 22 (16-29) 150 18 (14-24)
129 99.0 (95.8-99.98)
105 0.0 (0.0-3.5) 129 29.0(21.1-37.3) 148 14.0 (9.0-20.9)

129 93 (75-117)
105 1.01(0.89-1.14) 129 2.56(2.07-3.17) 148 1.50 (1.23-1.84)

hSBA, human serum bactericidal antibody assay; 4CMenB, meningococcal group B vaccine; FAS, full analysis set; N, maximum number of participants with available results;
Cl, confidence interval; fHbp, factor H-binding protein; NadA, Neisseria adhesin A; NHBA, Neisserial heparin-binding antigen; PorA, porin A; groups Primed_4y and Pri-
med_7.5y previously vaccinated participants from parent studies (2 vaccine doses, 1 month apart); groups Naive_4y and Naive_7.5y, vaccine-naive participants in the

extension study; PS, parent study; ES, extension study

In the FAS booster, pre-first dose, in the Naive_7.5y group, hSBA
titers >4 were observed for 13%, 22%, 14% and 79% of participants
for fHbp, NadA, PorA and NHBA, respectively; 1 month post-first
dose they increased to 81%, 84%, 62% and 93%. One-month post-

dose 2 (PPS Kinetics), the percentages increased to 100% for fHbp,
98% for NadA, 79% for PorA, and 95% for NHBA. hSBA GMTs
increased 41-fold for fHbp; 123-fold for NadA; 11-fold for PorA
and 3.2-fold for NHBA, 1 month post-second dose.
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Table 3

Unadjusted geometric mean hSBA titers in previously vaccinated participants at baseline and 1 month after the last vaccination in parent studies and at baseline and 1 month

after the booster vaccination in the extension study - FAS Booster.

Group Primed_4y

Group Primed_7.5

N GMT (95% CI) N GMT (95% CI)

fHbp Pre-primary vaccination 141 1.05 (1.00-1.11) 127 2.36 (1.86-2.99)

1 month post-primary vaccination in PS 141 102 (86-121) 127 202 (170-240)

Pre-booster dose 141 2.38(1.94-2.93) 127 4.65 (3.45-6.27)

1 month post-booster dose in ES 141 162 (132-198) 127 269 (223-325)
NadA Pre-primary vaccination 124 1.20 (1.07-1.34) 102 1.77 (1.40-2.24)

1 month post-primary vaccination in PS 124 181 (156-211) 102 579 (462-727)

Pre-booster dose 118 22 (16-30) 93 31 (21-44)

1 month post-booster dose in ES 124 2421 (1981-2959) 102 1951 (1629-2337)
NHBA Pre-primary vaccination 141 3.03 (2.40-3.83) 127 13 (9.85-18)

1 month post-primary vaccination in PS 138 11 (8.25-14) 127 65 (53-81)

Pre-booster dose 140 13 (9.99-17) 127 22 (16-29)

1 month post-booster dose in ES 141 65 (55-76) 127 113 (92-138)
PorA Pre-primary vaccination 142 1.04 (0.98-1.10) 120 2.06 (1.64-2.58)

1 month post-primary vaccination in PS 142 11 (8.79-13) 120 93 (74-117)

Pre-booster dose 142 1.32 (1.15-1.50) 118 2.48 (1.90-3.23)

1 month post-booster dose in ES 142 29 (24-36) 120 41 (32-52)

hSBA, human complement serum bactericidal antibody assay; FAS, full analysis set; groups Primed_4y and Primed_7.5y, previously vaccinated participants; fHbp, factor H-
binding protein; NadA, Neisseria adhesin A; NHBA, Neisserial heparin-binding antigen; PorA, porin A; PS, parent study (2 doses, 1 month apart); ES, extension study; N,
maximum number of participants with available results; GMT, geometric mean titer; CI, confidence interval.
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Fig. 3. Percentages of participants with hSBA titer >4 after booster/2-dose vaccination with 4CMenB - PPS Kinetics. hSBA, human complement serum bactericidal antibody
assay; 4CMenB, meningococcal group B vaccine; PPS, per-protocol set; groups Primed_4y and Primed_7.5y previously vaccinated participants from parent studies; groups
Naive_4y and Naive_7.5y, vaccine-naive participants in the extension study; fHbp, factor H-binding protein; NadA, Neisseria adhesin A; PorA, porin A; NHBA, Neisserial

heparin-binding antigen. Note: Error bars depict 95% confidence interval.

3.3. Safety and reactogenicity

Overall, almost all participants experienced at least 1 solicited
AE post-vaccination. Within 7 days post-any vaccination, >97% of
participants reported at least 1 solicited local AE and >75%
reported at least 1 solicited systemic AE. Pain was the most fre-
quently reported solicited local AE (98%), while fatigue (>55%)

and headache (>49%) were the most frequently reported solicited
systemic AEs (Table 4).

Overall, unsolicited AEs were reported by 32% of previously vac-
cinated participants and 51% of vaccine-naive participants, 30 days
post-any vaccination.

One SAE, appendicitis, was reported by 1 vaccine-naive partici-
pant post-first vaccine dose. This SAE was considered as unrelated
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Table 4
Frequency of solicited adverse events (AEs), unsolicited AEs and serious AEs, after any
4CMenB dose.”

Group Group
Primed Naive
Solicited AEs N =266 N =254
Local reactions
Any 258 (97%) 250 (98%)
Induration
Any 54 (21%) 43 (17%)
Severe 1(1%) 1(1%)
Swelling
Any 60 (23%) 43 (17%)
Severe 1(1%) 0
Erythema
Any 54 (21%) 29 (11%)
Severe 7 (3%) 2 (1%)
Pain
Any 258 (98%) 250 (98%)
Severe 71 (27%) 63 (25%)
Systemic reactions
Any 203 (76%) 191 (75%)
Nausea
Any 56 (21%) 51 (20%)
Severe 4 (2%) 5 (2%)
Fatigue
Any 155 (58%) 140 (55%)
Severe 26 (10%) 23 (9%)
Myalgia
Any 120 (45%) 98 (39%)
Severe 21 (8%) 12 (5%)
Arthralgia
Any 84 (32%) 63 (25%)
Severe 13 (5%) 10 (4%)
Headache
Any 146 (55%) 125 (49%)
Severe 18 (7%) 19 (7%)
Fever
Any (>38 °C) 16 (6%) 9 (4%)
High fever (>39.5 °C) 0 0
Unsolicited AEs N=275 N =255
Any® 87 (32%) 131 (51%)
General disorders and administration site 40 (15%) 61 (24%)
conditions
Infection and infestations 30 (11%) 62 (24%)
Gastrointestinal disorders 2 (1%) 13 (5%)
Musculoskeletal and connective tissue 9 (3%) 7 (3%)
disorders
Nervous system disorders 9 (3%) 24 (9%)
Possibly or probably related unsolicited AEs 45 (16%) 80 (31%)
Medically-attended AEs 17 (6%) 34 (13%)
Serious AEs 0 1(1%)

Primed, previously vaccinated participants; group Naive, vaccine-naive partici-
pants; N, number of participants in a certain group.

@ Single dose in the Primed group and any of the 2 vaccine doses in the Naive
group.

b The grouping of unsolicited AEs was done according to system organ class using
the medical dictionary for regulatory activities (MedDRA) dictionary.

to the study vaccine by the investigator and was resolved after
25 days. No death was reported in the study.

4. Discussion

For the first time, we describe long-term antibody levels follow-
ing 2 primary doses of 4CMenB in adolescents, measuring the per-
centages of individuals with protective antibody titers up to
7.5 years after primary vaccination. Also, we describe the response
to a booster dose in late adolescence and early adulthood, provid-
ing key information for decisions on booster vaccination.

The results of this study show that up to 7.5 years post-primary
series, antibody levels generally declined for all vaccine antigens.
hSBA titers >4 were retained by 9% (for PorA) to 84% (for NadA)
of Australian and Canadian participants, up to 4 years, and by

29% (for PorA) to 84% (for NadA) of Chilean participants, up to
7.5 years post-primary vaccination with 4CMenB. These levels
were lower than those observed 18-23 months after vaccination
with 2 doses of 4CMenB in Chile (75-95%) [18]. Importantly, the
percentage of participants with hSBA titers >4 in previously vacci-
nated participants was higher than that of vaccine-naive partici-
pants against all vaccine antigens, except for NHBA, for which
similarly high levels were observed in the 2 groups.

The observed higher persistence of antibody levels against
4CMenB antigens in the Chilean cohort compared with that in
the Australian and Canadian population, despite a longer follow-
up period, is in line with the apparent mounting of a stronger
immune response noted at 1 month post-primary vaccination.
Moreover, higher pre-primary vaccination titers consequently
resulted in higher immune response following vaccination. Several
potential hypotheses for the differences between Chilean and Aus-
tralian/Canadian adolescents can be formulated, which would
require novel study designs to be addressed. Of note, differences
between pre-vaccination hSBA titers in UK university students
and Chilean adolescents were previously observed, with baseline
titers being higher in the case of the European trial [20]. It must
also be noted that in our studies, immunogenicity was assessed
at different laboratories during the parent and extension studies.
Despite the consensus on the requirement of laboratory reporting
to unify laboratory testing, laboratory assays remain subject to
variations and interlaboratory comparisons should therefore be
interpreted with caution. Other factors, such as environmental
and behavioral ones (for instance, exposure to daily smoking or
household crowding) can also point to different exposure to the
pathogen and potentially account for the difference observed in
pre-vaccination titers between Chilean and Australian/Canadian
participants. In a study assessing immune responses to a Hae-
mophilus influenzae type b-tetanus toxoid conjugate vaccine
administered to Chilean participants, environmental factors were
also associated with enhanced responses to vaccination, when
compared with infants in the US or elsewhere [25]. However, a
similar impact is unlikely in the case of 4CMenB vaccination, since
to date, no association between environmental factors and
immune responses has been observed in the course of any clinical
trial.

4CMenB is a combination of 4 antigens, selected to provide
broad protection against the majority of MenB-related disease with
a high proportion of MenB strains expressing 2 or more vaccine
antigens [26]. Immunogenicity was measured for each antigen sep-
arately, using representative N. meningitidis strains recognized only
by antibodies induced by a single vaccine component. Such assess-
ments may underestimate overall immunogenicity since they do
not account for the cooperative activity between different
vaccine-induced antibodies. For the many strains expressing more
than one vaccine antigen, vaccine coverage may be maintained
even if the expression of one antigen is below the threshold
deemed predictive of killing [10]. Further studies are needed to
accurately assess how laboratory data on antibody response to ref-
erence strains can be extrapolated to real-life impact on IMD. The
disadvantages and deriving limitations of the laboratory assays
currently used for the evaluation of immune response to meningo-
coccal vaccinations are well known [27]. Also, immunogenicity
data in our study is generated from different populations, for
which baseline characteristics, and therefore the elicited immune
response to 4CMenB vaccination, can vary. The correlation
between the currently accepted cut-off for protective antibody
levels and effective protection against infection and IMD is also
not clearly defined. Nevertheless, the existence of such a correla-
tion is supported by emerging real-life data on the impact of
4CMenB on MenB-caused IMD incidence. In the UK, a coverage of
88% across MenB strains is predicted by hSBA using pooled post-
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4-dose immunization infant sera [28], while a 2-dose field effec-
tiveness of 83% against all MenB cases was derived from real-life
data following the introduction of 4CMenB in the national immu-
nization plan [22]. Assessment of alternative measures, such as
coverage against circulating strains, is also informative for estima-
tions of vaccine impact and effectiveness. Long-term surveillance
data and direct comparison to laboratory estimates of protection
will add important information to the understanding of the true
effect of vaccination on IMD.

At 4 and 7.5 years post-primary vaccination, antibody levels
declined, but were higher than in vaccine-naive participants, for
all antigens except NHBA which was relatively high in both groups.
The highest persistence was observed for NadA, followed by fHbp
and PorA. For NHBA, the percentage of participants with hSBA
titers >4 was comparable at 1 month post-primary vaccination
and at 4 and 7.5 years and similar antibody levels were observed
for previously primed and vaccine-naive participants before vacci-
nation in the current study. As NHBA, a surface-exposed lipopro-
tein, is highly conserved in all strains of pathogenic MenB and
commensal Neisserial species tested so far, the higher initial titers
may be due to exposure to circulating strains [10,29].

Robust immunological responses were observed following
booster vaccination at 4 years (94-100%) and 7.5 years (93-100%)
post-primary vaccination. A high proportion of vaccine-naive par-
ticipants also achieved hSBA titers >4 post-administration of 2
vaccine doses (79-100%).

The administration of a 4CMenB booster dose in the previously
vaccinated participants showed a more robust immune response
with higher increase of hSBA titers, as compared to the response
to a first dose in vaccine-naive participants of similar age. This sug-
gests that despite a decline of bactericidal antibodies over time,
previous vaccination with 4CMenB resulted in priming for immune
memory and induced an anamnestic response in most individuals.
The booster response was similar irrespective of the persistence
period (4 or 7.5 years) post-primary vaccination in the parent stud-
ies. Two doses of 4CMenB administered 1 month apart to 15-24-
year-old vaccine-naive participants induced an overall robust anti-
body response for all vaccine antigens (79-100%) with evidence of
an early response from 1 month post-first dose (41-93%). Quanti-
tative comparisons with other age-groups are not possible, due
to the differences in vaccination schedules and more importantly,
in immunity between infants/children and adolescents/adults.
However, despite declines in antibody levels following priming
with 4CMenB, infants and young children also show robust
immune responses following an additional booster dose of
4CMenB [23].

The study also investigated the kinetics of the antibody
response post-booster in previously vaccinated participants, and
post-second dose in vaccine-naive participants. In both groups,
no significant increase in antibody levels was noted at day 3, but
a robust response was observed at 7 days post-vaccination with
2 doses or a booster dose of 4CMenB, for all vaccine antigens. GMTs
remained at high levels or further increased at 1 month post-
booster (previously vaccinated participants) or post-second dose
(vaccine-naive participants). For all antigens, hSBA titers were
higher at 1 month post-booster than at 1 month post-second dose
in vaccine-naive participants. However, as observed in a previous
study [16], first dose response suggests that 4CMenB could provide
some protection within 4 weeks from vaccination, even in previ-
ously unvaccinated individuals, in case of epidemic outbreaks.

The vaccine was generally well-tolerated although solicited AEs
were reported by most participants. The incidence of unsolicited
AEs was similar between the previously vaccinated and vaccine-
naive participants. In line with previous studies, most solicited
local AEs and unsolicited AEs were mild to moderate in intensity,
and resolved within a few days. Studies on 4CMenB that have

enrolled participants of 10 years and older showed that the vac-
cine, albeit reactogenic, is well-tolerated with local and systemic
reactions reported in similar proportions to those observed in this
study. Pain was the most common local reaction, reported in >90%
of the vaccinees, also comparable to similar studies [16,17]. Myal-
gia was the most common systemic reaction reported in other tri-
als in adolescents and young adults [17,19], whereas in our study,
headache and fatigue were reported as the most common systemic
reactions. As expected for an adolescent population in light of pre-
vious studies [16,17], fever was not a common systemic reaction,
and no participant reported high fever. No new safety clinical con-
cerns were reported during this study.

5. Conclusion

Antibody levels against any one of the 4 4CMenB antigens
remained above the protective threshold for 9-84% of adolescents,
at 4-7.5 years after a 2-dose primary-vaccination series. Although
antibody levels declined over time, a higher proportion of primed
participants had hSBA titers >4, at 4 and 7.5 years post-primary
vaccination, compared with vaccine-naive participants, except for
NHBA, which was relatively high for vaccinated and unvaccinated
individuals. A more robust immune response was generally
observed after a booster dose compared to a first dose in
vaccine-naive population, demonstrating priming for immune
memory and induction of an anamnestic response in a young adult
population. Our study provides important information that will
help to inform the choice of vaccination strategies to protect
against IMD in adolescents and young adults.
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